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(S) Production of high viscosity index lubricants. 

(57) Petroleum wax feeds are converted to high Viscosity Index lubricants by a two-step hydrocracking- 
hydroisomerization process in which the wax feed is initially subjected to hydrocracking under mild 
conditions with a conversion to non-lube range products of no more than 30 weight percent of the feed. 
The hydrocracking is earned out at a hydrogen pressure of at least 7000 kPa (1000 psig) using an 
amorphous catalyst which preferentially removes the aromatic components present in the initial feed. 
The hydrocracked effluent is then subjected to hydroisomerization in a second step using a low acidity 
dicarboxylic acid-treated zeolite Beta or mordenite catalyst which effects a preferential isomerization 
on the paraffin components to less waxy, high V.I. isoparaffins. The second stage may be operated at 
high pressure by cascading the first stage product into the second stage or at a lower pressure, typically 
from 1480 to 7000 kPa (200 to 1000 psig). The second stage catalyst is preferably a noble metal 
containing zeolite Beta catalyst which is treated with oxalic acid to give a low Alpha Value, typically 
below 10. The second stage is carried out at relatively low temperature, typically from 316° to 343°C (600° 
to 650°F) with a 343°C+ (650°F+) conversion in the range of 10 to 20 weight percent of the second stage 
^ feed but with high selectivity for isomerization of the paraffins. 
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This invention relates to the production of high Viscosity Index lubricants by hydrocracking mineral on feed- 

^recrt^TpSS. lubricants should be highiy paraffinic in nature since paraffins possess 

,hP S^'ZZ^JSZto* stability and high Viscosity Index. Normal paraffins and slighUy branch- 
the desirable ««mbon i o .aama y ^ unacceptably high ^ point 

2 Zr S S * eC^veTdunn^he dewaxing operations in the conventional refining prco- 
„ kI^Z™ i. however possible to process waxy feeds in order to retain many of the benefits of 
££££ 'J£S£££ undesirable pour point characteristic. A severe hydretreatinj 
their paramnic enacts. » vje^itv Index is disclosed in D eve opments in Lubncation PD 

S^s are subjerteo to a two-stage ^processing operation in which an initial W"**^'™ 
Stefeec^in blocked operate 

ST removll of the undesirable aromatic compounds by hydrocracking and hydregenation. Thesecond 
selective removal or ina conditions of reduced temperature at which hydrogenahon predomin- 

2T toaXsTt ^tX^SlSS!^ the distribution of aromatic types ^^In^ucL 
tS vtecSv and f lash point of the base ofl are then controlled by topping in a subsequen relator, step 
The **W J?'" tna f jnal base oi , fe controlled by dewaxing in a solvent dewaxing (MEK-toluene) 

S? £^^£2 may be reprecessed to produce a base oO of high Viscosity 

'"Processes of the type, employing a waxy feed which is subjected to hydrocracking over an amorphous 

TSmi^Z^^^^ * s,ack wax produced by the dewaxin9 of : :z ie t 

IS^SS^SSSZm a bifunctiona. hydrocracking catalyst at hydrogen pressures of 2.000 psj 
!SmS of the hydrocracked productto obtain the desired pour point ^Dewax-ng . stated 

V££LZrn^, ZwdkZai of (taortn.. either b, wo the oMalyst during its prep- 

^tSZ?.^STS*» bomptstrtd or by In situ fhjortding during .beeped tf.h. 

88 tSJh 1 " "piSS'w » caM " sl fcr ,te ,^ea,, " en, 01 "" " W Tt T- sn T,S 



AeTh« uriUrLl, to the upgrading <* waxy feeds to high VJ. brbdcent beseftricte fcdtectosed in U.S. Pe- 

, M fta i ftWTUml W". > "this P-o»ss. a waxy I** •»*»■» 8 «-» «» * a ■""* fa" 

Recessed river . high., siliceous adt. Beta catalyst ZeoltteBeta t. Itnawn to be h,gi* 

X^e^ * »*«*°"*' to '«<" »»" "» S " t,Se "'"" * WaX ' n8 """^ 
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front end of the feed is capable of achieving higher product V.I. values than either process on its own and, in 
addition, the process may be optimized either for yield efficiency or for V.l. efficiency, depending upon require- 
ments. 

5 Additionally, an isomerization process using a highly siliceous zeolite catalyst, including highly siliceous 

forms of zeolite Beta and mordenite, is disclosed in U.S. Patent 4,962,269 for producing low pour point lubri- 
cating oils from highly paraff inic feedstocks. 

While these zeolite-catalyzed processes have shown themselves to be highly effective for dealing with 
highly paraff inic feeds, the high isomerization selectivity of the highly siliceous zeolite Beta and mordenite cat- 
to alysts, coupled with lesser capability to remove low quality aromatic components, has tended to limit the ap- 
plication of the processes to feeds which contain relatively low quantities of aromatics: the aromatics as well 
as other polycyclic materials are less readily attacked by the zeolite with the result that they pass through the 
process and remain in the product with a consequent reduction in V.l. The lube yield also tends to be constrain- 
ed by the low wax isomerisation selectivity at low conversions and by wax cracking out of the lube boiling range 
15 at high conversions: maximum lube yields are typically obtained in the 20 to 30 weight percent conversion range 
(343°C/650°F+ conversion). It would therefore be desirable to increase isomerization selectivity and simulta- 
neously to reduce hydrocracking selectivity in order to improve lube yield while retaining the high V.l. numbers 
in the product 

In summary, therefore, the processes using amorphous catalysts can be regarded as inferior in terms of 
20 single pass conversion and overall yield because the amorphous catalysts are relatively non-selective for par- 
affin isomerization in the presence of polycyclic components but have a high activity for cracking so that overall 
yield remains low and dewaxing demands are high. The zeolite- catalyzed process, by contrast, is capable of 
achieving higher yields since the zeolite has a much higher selectivity for paraffin isomerization but under the 
moderate hydrogen pressures used in the process, the aromatics are not effectively dealt with in lower quality 
25 feeds and operation is constrained by the differing selectivity factors of the zeolite at different conversion lev- 
els. 

The present invention provides a process for producing high quality, high Viscosity Index (V.l.) lubricants 
by a two-stage wax hydrocracking-hydroisomerization process. The process is capable of producing products 
with very high viscosity indices, typically above 130, usually in the range of 140 to 155 with values of 140 to 

do 150 being typical. The process is capable of being operated with feeds of varying composition to produce high 
quality lube basestocks in good yield. Compared to the process using amorphous catalysts, yields are higher 
and the dewaxing requirement for the product is markedly lower due to the effectiveness of the process in 
converting the waxy paraffins, mainly linear and near linear paraffins, to less waxy isoparaffins of high Vis- 
cosity Index. Compared to the zeolite-catalyzed process, it has the advantage of being able to accommodate 

35 a wider range of feeds at constant product quality since it is more effective for the removal of the low quality 
aromatic components from the feed; it also provides a yield advantage in the range where maximum lube yield 
is obtained (about 20-30% conversion) as well as providing a higher product V.l. across a wide conversion range 
from about 5 to 40 percent conversion. 

According to the present invention, the waxy feed is subjected to a two-stage hydrocracking-hydroisomer- 

40 ization. In the first stage, the feed is subjected to hydroprocessing over a brfunctional catalyst comprising a 
metal hydrogenation component on an amorphous acidic support under relatively mild conditions of limited con- 
version. The second stage comprises a hydroisomerization step which is carried out over a noble metal-con- 
taining zeoiitic catalyst of low acidity. In the first stage, the low quality aromatic components of the feed are 
subjected to hydrocracking reactions which result in complete or partial saturation of aromatic rings accompa- 

45 nied by ring opening reactions to form products which are relatively more paraff inic; the limited conversion in 
the first stage, however, enables these products to be retained without undergoing further cracking to products 
boiling below the lube boiling range, typically below 343°C (650°F). Typically, the conversion in the first stage 
is limited to no more than 30 weight percent of the original feed. 

In the second stage, the conditions are optimized for hydroisomerization of the paraffins originally present 

50 in the feed together with the paraffins produced by hydrocracking in the first stage. For this purpose a low 
acidity catalyst with high isomerization selectivity is employed. Low acidity is desirable so that wax isomeri- 
zation reactions are favored as compared to non-selective cracking reactions. For this purpose, a low acidity 
zeolite catalyst which has been modified by the use of a dicarboxylic acid treatment to reduce the acidity has 
been found to give excellent results. A particular acid shown to be effective is oxalic acid. Steaming may also 

55 be utilized to reduce the acidity of the zeolite catalyst to low levels. A noble metal, preferably platinum, is used 
to provide hydrogenation-dehydrogenation functionality in this catalyst in order to promote the desired hydro- 
isomerization reactions. 

The process may be operated in two different modes, both of which require relatively high pressures in 
the first stage in order to maximize removal of aromatic components in the feed and for this purpose pressures 
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of at least 5620 kPa (800 psig), usually from 5620 to 20,800 kPa (800 to 3,000 psig) are suitable. The second 
lg X^e oZted £2 by cashing the first stage effluent direc«y into the second stage ^erna- 
S by passing the first stage products through an interstage separator to remove ^^^T^ 
rboth c^es, hoUver. the process is well suited for upgrading waxy feeds such as slackwaxw,tho. contente 
lei thaTabout 50 weight percent to high Viscosity Index lubricating oils with high s.ngle pass yelds and a 

limited requirement for product dewaxing. 

Figures 1, 2 and 3 are graphs illustrating the results of wax hydroprocessing experiments reported in the 

Examples. 



FEED 

The feed to the process comprises a petroleum wax which contains at least 50 weight percent wax as 
determined by ASTM test D-3235. In these feeds of mineral oil origin, the waxes are mostty paraff ms of h.gh 
Lr point comprising straight chain and slightly branched chain paraffins such as methylparaff.ns. 

liquids by physical separation from a wax-containing refinery stream, usually by ch.ll.ng the stream to a tern- 
?elre at w'hich the'wax separates, usually by solvent dewaxing, e.g.. ^^J^^T Z 
of an autorefrigerant process such as propane dewaxing. These waxes have h.gh .n.bal bo.l.ng po.nts above 
i^c S^ich render them extremely useful for processing into lubricants which also requ.re an .mhal 
boiling point of at least 343'C <650°F). The presence of lower boiling components is not to be excluded smce 
M^e removed together with products of similar boiling range produced during the process.ng dunr* 
he separatton steps which follow the characteristic processing steps. Since these component w..l however 
oad uS tne precei units they are preferably excluded by suitable choice of feed cut po.nt. The end po.nt of 
we* f^s deri^eTfrom the sLent dewaxing of neutral oils i.e.. distillate fractions produced by the vacuum 
M So oS or atmospheric resids will usually be not more than 595»C (1100^ so that they may normal^ 
beW.* as delate rather than residua, streams but high boiling wax feeds such as petrelatorr .waxes 
Te the waxes separated from bright stock dewaxing. which may typically have an end po.nt of up to 705 C 

(130 T°ne wTcotn^Xeais hfch, generally at least 50, more usually a. least 60 to 80, weight percent 
with the balancefrom occluded oil comprising iso-paraff ins. aromatics and "aphonic* The non-wa> : content 
of aromatics, polynaphthenes and highly branched naphthenes will normally not ex ceed 40 we-ght percent of 
The w« and preferably will not exceed 25 to 30 weight percent The aromatic content .styp.cally in th .range 
of fr r 5 to 3? weight percent and usually in the range of from 8 to 1 5 weight percent These waxy, h^hly par- 
a f iTwax stocks usually have low viscosities because of their relatively low content of aromat.cs and naph- 
t^ r 8 ThoSh the high content of waxy paraffins gives them melting points and pour po.nts wh.ch render 
them unacceptable as lubricants without further processing. 

Feeds ofVhis type will normally be slack waxes, that is, the waxy product obtained d.rec«y from a solvent 
dewaxfoa Drocess e g an MEK or propane dewaxing process. The slack wax. which is a sol.d to sem.-sohd 

highly wa^paraffins (mostly n- and mono-methyl paraffins) together wfth ocdud- 
edlil ma~3ed Lctly to the first step of the present processing sequence as described below wrthoutthe 
requirement for any initial preparation, for example, by hydrotreating. 

The compositions of some typical waxes are given in Table 1 below. 

Table 1 



Wax Composition 


- Arab Light Crude 






A 


B 


C 


D 


Paraffins, wt.% 


94.2 


81.8 


70.5 


51.4 


Mono-naphthenes, wt.% 


2.6 


11.0 


6.3 


16.5 


Poly-naphthenes, wt.% 


2.2 


3.2 


7.9 


9.9 


Aromatics, wt. % 


1.0 


4.0 


15.3 


22.2 



Atypical slack wax feed has the composition shown in Table 2 below. This slack wax is obtained from the 
solvent (MEK) dewaxing of a 300 SUS (65 mm^/s) neutral oil obtained from an Arab Light crude. 
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Table 2 



5 



10 



15 



20 



25 



30 



35 



Slack Wax Properties 



API 

Hydrogen, wt% 

Sulfur, wt.% 

Nitrogen, ppmw 

Melting Point, °C (°F) 

KV @100°C, mnWs 

PNA, wt.%: 

Paraffins 

Naphthenes 

Aromatics 

Simulated Distillation: 



39 
15.14 
0.18 
11 

57 (135) 
5.168 



70.3 
13.6 
16.3 



% 


°C 


(°F) 


5 


375 


(710) 


10 


413 


(775) 


30 


440 


(825) 


50 


460 


(860) 


70 


482 


(900) 


90 


500 


(932) 


95 


507 


(945) 



AO 



Another slack wax suitable for use in the present process has the properties set out in Table 3 below. This 
wax is prepared by the solvent dewaxing of a 450 SUS (100 mrrfts) neutral raffinate: 



45 



50 



55 



5 
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Table 3 




IBP (Initial Boiling Point) 



50 
95 

EP (End Point) 



°c 





391 


(736) 


429 


(805) 


491 


(916) 


558 


(1037) 


591 


(1095) 



First Stage Hydroprocessino-Hydrocracking 



4^a te « .hiPrted to a two-steD hydrocracking-hydroisomerizatton process in which both steps 
The waxy feed is subjected to a two-step nyoroc y , amorphous brfunctional catalyst is 

„ ,00 » 1800 .J a -MOW « r~>o«s bo», -» .h. .00= botlr, raose. 

. rSSo^n^* SZSS » mo» th» to weigh. p««l of th. feed and wil oso.il, 
lyp«ally lo 343 CH650 F-) preajoB is mm. h hs „ ^ ^ , ieMs M 

6 



EP 0 575 077 A1 

on the system. 

The exact temperature selected to achieve the desired conversion will depend on the characteristics of 
the feed and of the catalyst as well as upon the extent to which it is necessary to remove the low quality ar- 

5 omatic components from the feed. In general terms, higher severity conditions are required for processing the 
more aromatic feeds up to the usual maximum of about 30 percent aromatics, than with the more paraff inic 
feeds. Thus, the properties of the feed should be correlated with the activity of the selected catalyst in order 
to arrive at the required operating temperature for the first stage in order to achieve the desired product prop- 
erties, with the objective at this stage being to remove the undesirable, low quality aromatic components by 

10 hydrocracking while minimizing conversion of the more desirable paraff inic components to products boiling be- 
low the lube boiling range. In order to achieve the desired severity in this stage, temperature may also be cor- 
related with the space velocity although for practical reasons, the space velocity will normally be held at a 
fixed value in accordance with mechanical and other constraints such as minimizing pressure drop. Generally, 
the space velocity will be in the range of 0.25 to 2 LHSV, hr 1 and usually in the range of 0.5 to 1.5 LHSV. 

15 A characteristic feature of the first stage operation is the use of a bifunctional lube hydrocracking catalyst 
Catalysts of this type have a high selectivity for aromatics hydrocracking reactions in order to remove the low 
quality aromatic components from the feed. In general terms, these catalysts include a metal component for 
promoting the desired aromatics saturation reactions and usually a combination of base metals is used, with 
one metal from the iron group (Group VIII) in combination with a metal of Group VIB. Thus, the base metai 

20 such as nickel or cobalt is used in combination with molybdenum or tungsten. The preferred combination is 
nickel/tungsten since it has been found to be highly effective for promoting the desired aromatics hydrocracking 
reaction. Noble metals such as platinum or palladium may be used since they have good hydroge nation activity 
in the absence of sulfur but they will normally not be preferred. The amounts of the metals present on the cat- 
alyst are conventional for lube hydrocracking catalysts of this type and generally will range from 1 to 1 0 weight 

25 percent of the Group VIII metal and 1 0 to 30 weight percent of the Group VI metal, based on the total weight 
of the catalyst. If a noble metal component such as platinum or palladium is used instead of a base metal such 
as nickel or cobalt, relatively lower amounts are in order in view of the higher hydrogenation activities of these 
noble metals, typically from 0.5 to 5 weight percent being sufficient. The metals may be incorporated by any 
suitable method including impregnation onto the porous support after it is formed into particles of the desired 

do size or by addition to a gel of the support materials prior to calcination. Addition to the gel is a preferred tech- 
nique when relatively high amounts of the metal components are to be added e.g., above 10 weight percent 
of the Group VIII metal and above 20 weight percent of the Group VI metal. These techniques are conventional 
in character and are employed for the production of lube hydrocracking catalysts. 

The metal component of the catalyst is supported on a porous, amorphous metal oxide support and alu- 

35 mina is preferred for this purpose although silica-alumina may also be employed. Other metal oxide compo- 
nents may also be present in the support although their presence is less desirable. Consistent with the re- 
quirements of a lube hydrocracking catalyst, the support should have a pore size and distribution which is ade- 
quate to permit the relatively bulky components of the high boiling feeds to enter the interior pore structure of 
the catalyst where the desired hydrocracking reactions occur. To this extent, the catalyst will normally have a 

40 minimum pore size of 50x10- 7 mm (50 A) i.e with no less than 5 percent of the pores having a pore size less 
than 50x1 CHmm (50 A) pore size, with the majority of the pores having a pore size in the range of 50-400 A 
(no more than 5 percent having a pore size above 400 A), preferably with no more than about 30 percent having 
pore sizes in the range of (200-400) x 1 0- 7 mm (200-400 A). Preferred catalysts for the first stage have at least 
60 percent of the pores in the (50-200) x 10- 7 mm (50-200 A) range. The pore size distribution and other prop- 

45 erties of some typical lube hydrocracking catalysts suitable for use in the first stage are shown in Table 4 below: 



so 



55 
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Table 4 



LHDC Catalyst Properties 



rorm i 


1.5mm cyl. 


1.5mm. tri. 


1.5 mm.cyl. 


Pore Volume, ml/gm 


n ^^1 


0.453 


0.426 


_f ^_ A ^ drib ■ MA 1 

Surface Area, rrvygm 


131 

1 w 1 1 


170 


116 


B • * 1 I _ _ ^ fit \ 

Nickel, wt% 


4 8 


4.6 


5.6 


Tungsten, wL% 


22.3 


£.0.0 I 


17 25 


Fluorine, wt% 






3.35 


Silica, wL% 






2 


Alumina, wt% 






60.3 


Real Density, gm/ml 


4229 


4.238 


4.023 


Particle Density, gm/ml 


1.744 


1.451 


1.483 


Packing Density, gm/ml 


J 12 


J 085 


J 094 



If necessary in order to obtain the desired conversion, the catalyst may be promoted w.th luonne. ether 
by ££££XZ*» '"to the catalyst during its preparation or by operating the **?>*^ i ^ 
enc^ oSonne compound which is added to the feed. Fluorine compounds may be incorporated nto the 
^1 t Z-eq natonduring its preparation with a suitable fluorine compound such as ammonium f luonde 
^.ZSnwS (NH 4 F® HF) of which the latter is preferred. The amount of f luonne used ,n 

b preferably from 1 to 1 0 weight percent, based on the total weight of the 
^^uTuanyfrom2to 6 wefcht percent The fluorine may be incorporated by adding the f luonne compound 
^n^f^fm^roXsupport during the preparation of the catalyst or by impregnation after the partcles 
Sthi 1 SI fZXd™Sg orLLng the gel. If the catalyst contains a relattvely high amount 
USSSZ STm S iISS. - the metals, as noted above, it is preferred to incorporate the metals and 
t SI ^pc^rtoTe metal oxide gel prior to drying and calcining the gel to form the finished catalyst 

^"•fS'catalyst activity may also be maintained at the desired level by jn situ fluoriding in which a fluorine 
The m^MtaZ he Seam which passes over the catalyst in this stage of the operation. The f luonne 
SmpTn ££££ S^Kt—* to the?eed or. alternately, an initta. Ration step 
Zte carried ou" in which the fluorine compound is passed over the catalyst in the absence of the feed e* 
TiSZ in order to increase the fluorine content of the catalyst prior to init.at.on of he actoa^ 
hvdroSing 7n sZ fluoriding of the catalyst in this way is preferably carried out to .nduce a f luonne content 
KTJotitSne prior to operation, after which the fluorine can be reduced to mamtenance levels 

suiidenJtSn^^ 

^ ThemeteCe^n" the catalyst are preferably used In their sulfide form and to this purpose pre-sul- 
f Jo of Z SHho^d be carried out prior to initiation of the hydrocracking. Sulf iding is an established 
^M^^TfS^tarty carried out by contacting the catalyst with a suttur-containing gas. usua ly m the 
^« of hyd^en The mixture of hydrogen and hydrogen sulfide, carbon disulfide or a , mercapte .such 
as butTmercapS is conventional for this purpose. Presuming may also be earned out by contactmg the 
Stelvst with hydrogen and a sulfur-containing hydrocarbon oil such as a sour kerosene or gas ol 
"^"se the feeds are highly paraff inic, the heteroatom content b low and acco^gij , ft. . feed may be 
passed directly into the first process step, without the necessity of a prel.rn.nary hydrotreatmenL 

Hydroisomerization 

During the first stage of the process, the low quality, relatively aromatic components of the feed are con- 
vertX hydmcracking to products which are redely more paraff inic in character by satorahon and nng 
opening "The paraffinic materials present in the stream at this stage of the pmcess possess good V.I. char- 

8 
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acteristics but have relatively high pour points as a result of their paraff inic nature. The objective in the second 
stage of the process is to effect a selective hydroisomerization of these paraff inic components to iso-paraffins 
which, while possessing good viscometric properties, also have lower pour points. This enables the pour point 

5 of the final product to be obtained without an excessive degree of dewaxing following the hydroisomerization. 
Because the low quality aromatic components have been removed by the initial hydrocracking step, there is 
no requirement for achieving any significant degree of aromatic saturation in the second stage of the operation 
so that it is possible to carry it out under lower pressures, typically in the range of 1480 to 7000 kPa (200 to 
1000 psig) although pressures from 2860 to 7000 kPa (400 to 1000 psig) are more typical. In the low pressure 

10 mode of operation, it is preferred to operate the second stage with hydrogen partial pressures from at least 
1480 kPa (200 psig). 

Another mode of operation is with higher hydrogen pressures in the second stage, typically over 7000 kPa 
(1000 psig ). This mode of operation is preferred as it retains all aromatic saturation accomplished in the first 
step and since the second stage can be operated in cascade with the first stage, at an inlet pressure equal to 

15 the outlet pressure of the first stage. 

In the preferred modes of operation, therefore, the second stage will operate at a hydrogen partial pressure 
of 2860 to 7000 kPa (400 to 1000 psig) in the low pressure mode or at hydrogen partial pressures of 7000 to 
20700 kPa (1000 to 3000 psig), usually 10500 to 17340 kPa (1500-2500 psig) in the high pressure mode. Hy- 
drogen circulation rates are comparable to those used in the first stage. 

20 The catalyst used in the second stage is one which has a high selectivity for the isomerization of waxy, 
linear or near linear paraffins to less waxy, isoparaff inic products. Catalysts of this type are b [functional in char- 
acter, comprising a metal component on a large pore size, porous support of relatively low acidity. The acidity 
is maintained at a low level in order to reduce conversion to products boiling outside the lube boiling range 
during this stage of the operation. In general terms, an Alpha Value below 25 should be employed, with pre- 

25 ferred values below 15, best results being obtained with Alpha Values below 10. 

When Alpha Value is examined, it is noted that the Alpha Value is an approximate indication of the catalytic 
cracking activity of the catalyst compared to a standard catalyst and it gives the relative rate constant (rate of 
normal hexane conversion per volume of catalyst per unit time). It is based on the activity of silica-alumina 
cracking catalyst taken as an Alpha of 1 (Rate Constant = 0.016 sec ~ 1 ). The Alpha Test is described in U.S. 

30 Patent 3,354,078; in the Journal of Catalysis, Vol. 4, p. 527 (1965); Vol. 6, p. 278 (1966); and Vol. 61, p. 395 
(1980), each incorporated herein by reference as to that description. The experimental conditions of the test 
used herein include a constant temperature of 538°C and a variable flow rate as described in detail in the Jour- 
nal of Catalysis, Vol. 61, p. 395. For the bifunctional catalysts used in this stage of the present process, the 
Alpha Value is determined in the absence of the metal component. 

35 The support material for the paraffin hydroisomerization catalyst is a highly siliceous zeolite, including zeo- 
lite beta and mordenite, in a form which has the required low level of acid activity to minimize paraffin cracking 
and to maximize paraffin isomerization. Low acidity values in the zeolite may be obtained by use of a suffi- 
ciently high silica:alumina ratio in the zeolite, achievable by the use of a dicarboxylic acid treatment to reduce 
the acidity of the zeolite. Steaming may also be utilized to further reduce the acidity of the zeolite. 

40 Zeolite Beta is a preferred support since this zeolite has been shown to possess outstanding activity for 
paraffin isomerization in the presence of aromatics, as disclosed in U.S. 4,419,220. Zeolite Beta is described 
in U.S. Patent Nos. 3,308,069 and Re 28,341, incorporated herein by reference. 

Suitable dicarboxylic acids for use in the process of this invention include oxalic, malonic, succinic, glutaric, 
adipic, maleic, phthalic, isophthalic, terephthaiic, fumaric, tartaric, or mixtures thereof. Oxalic acid is preferred. 

45 The dicarboxylic acid may be used in solution, such as an aqueous dicarboxylic acid solution. 

Generally, the acid solution has a concentration in the range from 0.01 to 4 M. Preferably, the acid solution 
concentration is in the range from 1 to 3 M. 

The dicarboxylic acid is generally in a volume solution to volume catalyst ratio of at least 1:1, preferably 
at least 4:1. 

50 Treatment time with the dicarboxylic acid solution is as long as required to provide the desired dealumin- 
ation. Generally, the treatment time is at least 10 minutes. Preferably, the treatment time is at least 1 hour. 
More than one dicarboxylic acid treatment step may be employed for enhanced dealumination. 
The dicarboxylic treatment temperature is generally in the range of from 0°C (32°F) to reflux. Preferably, 
the treatment temperature is from 15° to 94°C (60° to 200°F), and more preferably from 48° to 82°C (120° to 
55 180°F). 

The dicarboxylic acid treatment results in a dealuminated zeolite having a lower acidic activity than the 
starting materials, since acidity is related to the number of sites available for protonation and removal of alu- 
minum reduces the proportion of these sites. The dicarboxylic acid treatment results in the production of deal- 
uminated zeolite Beta having an Alpha Value below 25, preferably below 15, more preferably no greater than 
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m and even more preferably no greater than 5. . 
The dicarScylic acid treatment may also be combined with other conventional dealumination techniques, 

Qurh as steamina and chemical treatment 

in a Z52 embodiment, the dicarboxylic acid treatment is combined with steaming to obtain a low acid, y 
mordenrte The crystal structure. X-ray diffraction pattern and other properties of mordenrte are descnbed .n 
^rtenfporton" (e.g.. p. 231) of ZeojjtB Molecular Sieves by Donaid W. Breck. published by John Wiley. New 

YOf slelite^nent may be done prior to. concurrent with or after dicarboxylic acid treatment. Steam treat- 
ment after dicarboxylic acid treatment is preferred. 

The zeolite sample is exposed to 100% steam at a partial pressure in the range of from 10.1 to 1011 kPa 
(0.1 to 10 atm) and preferably in the range of from 50.5 to 202 kPa (0.5 to 2 ^^^ff^i 
range of from 316° to 648°C (600° to 1200°F) and preferably in the range of from 482» to 593 C (900 to 

110 Sreaming is generally for as long as required to provide the desired dealumination. The steam treatment 

Ta*MV be contacted with steam and dicarboxylic acid in multiple alternate cycles of steaming 
and acid treatment until the desired dealumination is achieved. 

MoreThaTone add treatment step may be employed in conjunction wrth steaming for enhanced dealu- 

™" Tricarboxylic acid/steam treatment results in the production of dealuminated mordenrte having an Alpha 
Value below 25. preferably below 15. and more preferably below 10. 

The dicarboxylic acid/steam treatment may also be combined with other conventional dealumination tech- 

^tit^^Zc acid treatment, the zeolrte will be composed with a matrix materia, to 
form the finished catalyst and for this purpose conventional non-acidic matrix materials such as alumina £•» 
SI na and s ilica are suitable with preference given to silica as a non-acidic binder, although non-acid,c aJu- 
m ™ucha Saboehmrte^ 

ZsubTnte degree of acidic activity on the «^<^™™«^»^ U *^™Z 
alumina even if non-acidic in character, may tend to react with the zeolite under hydrothermal 
Sons to enhance its acidity. The zeolite is usually composited with the matrix in amounts from 80:20 to 20.80 
££tatt «™ 8ft2D to 50:50 zeolrte:matrix. Compositing may be done by means n- 

SlSgtheUerialstogetherto 

tides A preferred method for extruding the zeolite with silica as a binder is disclosed in US. 4.582.815. If the 
cSyst is to be steamed in order to achieve the desired low acidity, it is performed after the catalyst has been 

formulated with the binder, as is conventional. , 

The second stage catalyst also indudes a metal component in order to promote the des,red hydroisomer- 
ization readions which, proceeding through unsaturated transitional species, require mediation by a hydrogen- 
aSnThydro^enation Lponen? In order to maximfee the isomerization adr/rty of the catolyst. mete s hav- 
ing a stroSrogenation function are preferred and for this reason, platinum and the other nob e metals such 
Ts pallium are glen a preference. The amount of the noble metal hydrogenation component is typ^lly n 
ZranVe 0 5 to 5 weight percent of the total catalyst, usually from 0.5 to 2 weight percent The p atinum may 
be grated into tne catalyst by conventional techniques induding ion exchange with complex platinum 
Stion^h as Slum tetraamnL or by impregnation with solutions of soluble platinum compounds for 
SSe with platinum tetraammine salts such as platinum telraamminechloride. The catalyst may be sub ed- 
S to a f'ina calcination under conventional conditions in order to convert the noble metal to the oxKto form 
and to confer the required mechanical strength on the catalyst Prior to use the catalyst may be subjected to 
nrpQulf idina as described above for the first stage catalyst 

P ^SfSSiSh. second stage is to isomerize the waxy, linear and near-linear paraff inic components 
in the first stage effluent to less waxy but high V.I. isoparaff inic materials of relatively lower pour point The 
wnd^ontin the second stage are therefore adjusted to achieve this end while minimizing convenor, to non- 
2. Sg ™£ products (usuaHy 343°C-(650'F-) materials). Since the catalyst used in this stoge has a low 
acX ^nveSon to lower boiling products is usually at a re.ative.y low level and by appropnate selection of 
severity second stage operation may be optimfced for isomerization over cracking. At convention^ I space ve- 
S Zl using a Pt/dicarboxylic acid-treated zeolite Beta catalyst with an Alpha Value of about 5. 
£££££ the seld stage wii. typicaliy be in the range of 290- to 371-C <^™^r* 
in the ranee of 302» to 357'C (575° to 675»F) with 343°C+ (650°F+) conversion typically being from about 10 
to 3 wetaM percent more usually 12 to 20 weight percent of the second stage feed. However, temperatores 
ma^ bTused SSde this range, for example, as low as 260°C (500°F) up to 400>C (750»F) although the h,gher 
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temperatures will usually not be preferred since they will be associated with a lower isomerization selectivity 
and the production of less stable lube products as a result of the hydrogenation reactions being thermody- 
namically less favored at progressively higher operating temperatures. With the increased activity resulting 

5 from the use of high hydrogen pressures in the high pressure mode, temperatures in the second stage may 
be somewhat lowerthan those appropriate to low pressure operation; in the high pressure mode, temperatures 
of 290° to 371°C (550° to 700°F) will be preferred, as compared to the preferred range of 316° to 371 °C (600°to 
700°F) for this stage of the operation in the low pressure mode. Space velocities will typically be in the range 
of 0.5 to 2 LHSV (hr 1 ) although in most cases a space velocity of 1 LHSV will be most favorable. Hydrogen 

10 circulation rates are comparable to those used in the first step, as described above; but since there is much 
lower hydrogen consumption, lower circulation rates may be employed if feasible. In the cascade operational 
mode, the excess hydrogen from the first stage will be found adequate for the second stage operation. 

A particular advantage of the present process is that it enables a functional separation to be effected in 
the entire operating scheme. In the first stage, the undesirable low V.I. components are removed by a process 

15 of saturation and ring opening under conditions of high pressure and relatively high temperature. By contrast, 
the second stage is intended to maximize the content of iso-paraffins in the product and because the low V.I. 
materials have been dealt with in the first stage, can be optimized to effect a selective isomerization of the 
paraff inic materials. The low temperature conditions which are appropriate for the paraffin isomerization limit 
the cracking reactions as noted above but are thermodynamically favorable for the saturation of any lube range 

20 olefins which may be formed by cracking reactions, particularly in the presence of the highly active hydrogen- 
ation components on the catalyst. In this way, the second stage is also effective for hydrof inishing the product 
so that product stability is improved, especially stability to ultraviolet radiation, a property which is frequently 
lacking in conventional hydrocracked lube products. The hydrof inishing is particularly effective when the sec- 
ond step is carried out under high hydrogen partial pressures e.g., over 7000kPa (1000 psig). The isomerized 

25 product may therefore be subjected simply to a final dewaxing step in order to achieve the desired target pour 
point and usually there will be no need for any further finishing steps since a low unsaturates content, both of 
aromatics and of lube range olefins, results from the optimized processing in the two functionally separated 
steps of the process. The product may therefore be subjected to a final fractionation to remove lower boiling 
materials, followed by a final dewaxing step in order to achieve target pour point for the product. 

30 

Dewaxing 

Although a final dewaxing step will normally be necessary in order to achieve the desired product pour 
point, it is a notable feature of the present process that the extent of dewaxing required is relatively small. Typ- 

35 ically, the loss during the final dewaxing step will be no more than 15 to 20 weight percent of the dewaxer 
feed and may be lower. Either catalytic dewaxing or solvent dewaxing may be used at this point and if a solvent 
dewaxer is used, the removed wax may be recycled to the first or second stages of the process for further 
treatment. Since the wax removed in a solvent dewaxer is highly paraff inic, it may be recycled directly to the 
second stage if this is feasible, for example, in the embodiment where the second stage is operated at a rel- 

40 ativeiy low pressure. 

The preferred catalytic dewaxing processes utilize an intermediate pore size zeolite such as ZSM-5, but 
the most preferred dewaxing catalysts are based on the highly constrained intermediate pore size zeolites such 
as ZSM-22, ZSM-23 or ZSM-35, since these zeolites have been found to provide highly selective dewaxing, 
giving dewaxed products of low pour point and high V.I. Dewaxing processes using these zeolites are described 

45 in U.S. Patent Nos. 4,222,855. The zeolites whose use is preferred here may be characterized in the same 
way as described in U.S. 4,222,855, i.e., as zeolites having pore openings which result in the possession of 
defined sorption properties set out in the patent, namely, 

(1 ) a ratio of sorption of n-hexane to o-xylene, on a volume percent basis, of greater than about 3, which 
sorption is determined at a P/P Q of 0.1 and at a temperature of 50°C for n-hexane and 80°C for o-xylene and 

so (2) by the ability of selectively cracking 3-methylpentane (3MP) in preference to the doubly branched 2,3-di- 
methylbutane (DMB) at 538°C (1000°F) and 1 atmosphere pressure from a 1/1/1 weight ratio mixture of n-hex- 
ane/3-methyl-pentane/2,3-dimethylbutane, with the ratio of rate constants k3Mp/kDMB determined at a temper- 
ature of 538°C (1000°F) being in excess of about 2. The expression, "P/P 0 ", is accorded its usual significance 
as described in the literature, for example, in The Dynamical Character of Adsorption by J.H. deBoer, 2nd ed., 

55 Oxford University Press (1 968) and is the relative pressure defined as the ratio of the partial pressure of sor- 
bate to the vapor pressure of sorbate at the temperature of sorption. The ratio of the rate constants, k 3M p/ko MB , 
is determined from 1st order kinetics, in the usual manner, by the following equation: 

k = (1/T C ) In (1/1 -s) 

where k is the rate constant for each component, T c is the contact time and e is the fractional conversion of 
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each component . „ „ 

Zeolites conforming to these sorption requirements include the naturally occurnng zeolrte fernente as weH 
as the known synthetic zeolites ZSM-22, ZSM-23 and ZSM-35. These zeolites are at least partly in the acid 
or hydrogen form when they are used in the dewaxing process and a metal hydrogenation component pre- 
ferably a noble metal such as platinum is preferably used. Excellent results have been obtained with a Pt/ZSM- 

23 dewaxing catalyst. , „ . . 

The preparation and properties of zeolites ZSM-22, ZSM-23 and ZSM-35 are described respectively n 
U S Patents Nos. 4,810,357 (ZSM-22); 4,076,842 and 4,104.151 (ZSM-23) and 4,016,245 (ZSM-35), to which 
reference is made for a description of this zeolite and its preparation. Ferrierite is a naturaHy-occurnng mineral, 
described in the literature, see, e.g., Breck. Zeolite Molecular Sieves, pages 125-127; 146; 219; and 625, to 
which reference is made for a description of this zeolite. _ 

In any event, however, the demands on the dewaxing unit for the product are relatively low and in this 
respect the present process provides a significant improvement over the process employing solely amorphous 
catalysts where a significant degree of dewaxing is required. The functional separation inherent in the process 
enable higher single pass wax conversions to be achieved, typically 70 to 80% as compared to 50% for the 
amorphous catalyst process so that unit throughput is significantly enhanced with respect to the conventional 
process. Although conversions levels above 80 percent may be employed so that the load on the dewaxer is 
reduced, the product V.I. and . 
yield decrease at the same time and generally, the final dewaxing stage cannot be completely eliminated unless 

products with a V.I. below 135 are accepted. 
Products 

The products from the process are high V.I., low pour point materials which are obtained in excellent yield 
Besides having excellent viscometric properties they are also highly stable, both oxidatively and thermally and 
to ultraviolet light V.I. values in the range of 140 to 155 are typically obtained, with values of 143 to 147 being 
readily achievable with product yields of at least 50 weight percent, usually at least 60 weight percent, based 
on the original wax feed, corresponding to wax conversion values of almost 80 and 90 percent, respectively. 
Another notable feature of the process is that the products retain desirable viscosity values as a result of the 
limited boiling range conversions which are inherent in the process: conversely, higher yields are obtained at 
constant product viscosity. 

Examples 

The following examples are given in order to illustrate various aspects of the present process. Examples 
1 and 2, directly following, illustrate the preparation of dicarboxylic acid-treated Pt/zeolite Beta and Pt/mor- 
denite catalysts for hydroisomerization. 

Example 1 

65 parts by weight on a dry basis of TEAmordenite, prepared in accordance with U.S. Patent 4.052,472. 
is mixed with 35 parts by weight on a dry basis of commercial silica (Ultrasil). The material is extruded to form 
1.59mm (1/16") cylindrical pellets. The pellets are ammonium exchanged and calcined at 538°C (1000°F) for 

3 h °The'c^cined extrudate is slurried with 8 ml oxalic acid/ml catalyst of a 2.0 M oxalic acid solution at 82°C 
(180-F) for 2 hours. The oxalic acid-treated catalyst is dried at 121 "C (250»F) for 8 hours and calcined in air 
for 3 hours at 538°C (1000°F). The oxalic acid treatment results in mordenite having an Alpha Value of 133. 
The oxalic acid-lreated catalyst is then exposed to 100% steam. 103 kPa (0 psig) at 552«C (1025°F) for 24 
hours. The oxalic acid/steam treatment results in mordenite having an Alpha Value of 1 1 . 

The oxalic acid/steam-treated mordenite is competitively ion exchanged with Pt(NH3) 4 CI 2 ®H 2 0 in a 0.05 
N NH 4 N0 3 solution at a P H of 7. The exchanged catalyst is washed with distilled water and air calcined at 349°C 
(660°F) for 3 houre. The finished catalyst has the properties shown in Table 5. 

Example 2 

Zeolite Beta prepared in accordance with U.S. Patent Nos. 3,308,069 and Re 28,341 is exchanged with 
a solution of NH 4 N0 3 to remove sodium and dried at 121»C (250°F) for 8 hours. Sixty-f ive parts by weight on 
a dry basis of the above zeolite Beta is mixed with 35 parts by weight on a dry basis of silica and extended 

12 



EP 0 575 077 A1 



10 



into 1.59mm (1/16") pellets. The pellets are dried at 121°C (250°F) for 8 hours. Organics are removed by first 
treating in N 2 at 5 10°C(950°F) for 3 hours followed by air calcination at538°C(1000°F)for6hours. The calcined 
extrudate is treated with a 2 M solution of oxalic acid at a volume ratio of solution to catalyst of 8 to 1 . Treatment 
is conducted at 71°C (160°F) for 6 hours. The treated catalyst is dried at 121 °C (250°F) overnight The dried 
material is air calcined at 538°C (1000°F) for 3 hours. The treatment results in zeolite Beta having an Alpha 
Value of 8. 

The oxalic acid-treated zeolite Beta catalyst is exchanged with a solution of Pt(NH 3 ) 4 CI 2 ®H 2 0 in water at 
a pH of 4. The exchanged catalyst is washed with distilled water and air calcined at 349°C (660°F) for 3 hours. 
The finished catalyst has the properties shown in Table 5. 

Table 5 





Oxalic Acid/Steam-Treated Morden- 

ite 


Oxalic Acid-Treated Zeolite Beta 


Platinum, wt.% 


0.43 


0.48 


Surface area, rr^/g 


267 


316 


Pore Volume, ml/g 


0.69 


0.74 


Particle Density, g/ml 


0.89 


0.98 



15 



20 



25 



30 



35 



Example 3 

A high boiling point heavy neutral slack wax with the properties shown in Table 3 and containing 34 wL% 
oil as measured by ASTM D3235 is processed by hydrocra eking over a NiW/fluorided catalyst described in Ta- 
ble 4, second column. The catalyst is sulf ided and fluorided in-situ using o-fluorotoluene at a level of 600 ppm 
fluorine for one week at a temperature of 385°C (725°F) before introducing the slack wax. The hydrocracking 
is carried out with fluorine maintenance at 25 ppm F using o-fluorotoiuene under the following conditions: 



LHSV, hM 


1 


Pressure, kPa (psig) 


13900(2000) 


H 2 circulation, n.l.M (SCF/BBL) 


900 (5000) 



40 



The reaction severity is adjusted by varying the reaction temperature from 382° to 410°C (720° to 770°F) which 
results in wax conversion of 40 to 75 wt.%. Wax conversion is defined as follows: 

Wax conversion = (Wax in oil feed - wax obtained by solvent dewaxing) 

Wax in Oil Feed 

Total liquid product (TLP) is obtained from the mild hydrocracking of the heavy neutral slack. This material has 
the properties listed in Table 6. 



45 



50 



55 
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Example 4 



sample of the TLP material of Example 3 is processed over the oxalic acid-treated mordenite catalyst 



LHSV, hr 1 




1.0 


Pressure, kPa (psig) 


13900 


2000 


H 2 circulation, n.l.M (SCF/BBL) 


900 


5000 


Temperature, °C (°F) 


323 to 354 


614 to 670 



The waxy product is then distilled to a nominal 343°C + (650°F + ) cut-point The distilled material is subsequently 
dewaxed using a conventional MEK/toluene process. The results are given .n Table 7 below. 

Example 5 

A sample of the TLP material of Example 3 is processed over the oxalic acid-treated zeolite Beta catalyst 
of Example 2 under the following conditions: 

1 ' * 125 



LHSV, hr' 
Pressure, kPa (psig) 
H 2 circulation, n.l.M (SCF/BBL) 
Temperature, °C (°F) 

The waxy product is then distilled to a nominal 343°C + (650°F + ) cut-point The distilled material is subse- 
quently dewaxed using a conventional MEK/toluene process. 

14 
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Table 7 summarizes the yield and product property data for the oxalic acid-treated catalysts. Yield is de- 
termined by the amount of lube material remaining after solvent dewaxing and is based on the feed to the hy- 
drocracker in Example 3. 

5 Figure 1 compares the lube yield versus wax conversion for the products of Examples 3, 4 and 5. The Fig- 

ure shows that the two-step processing of Examples 4 and 5 using oxalic acid-treated catalysts achieves a 
higher maximum lube yield of 54 to 62 wt.% in comparison to a maximum lube yield of 40 to 42 wt% for the 
single-stage process of Example 3. 

Figure 2 shows the Viscosity Index (V.I.) of the product obtained versus wax conversion. The V.I. of the 

10 products obtained from the oxalic acid-treated catalysts is above the desirable V.!. target of greater than 1 30. 
Figure 3 shows the relationship between the kinematic viscosity (@1 00°C) of the product at varying wax 
conversions for Examples 3, 4 and 5. The Figure shows that at a given wax conversion the oxalic acid-treated 
catalysts produce a basestock with a 0.5-1 .0 mm 2 /s higher viscosity. The process of Examples 4 and 5 enables 
viscosity to be retained to a greater degree than with the single-stage process of Example 3 as a result of the 

15 selective conversion of wax to high V.I. oil without excessive conversion of oil out of the lube boiling range. 
This valuable feature enables products of varying viscosities to be manufactured by suitable selection of con- 
ditions. Further, higher wax conversion is achieved at the same viscosity with the oxalic acid-treated catalyst 
Higher wax conversion is desirable to reduce the load on the downstream solvent dewaxing unit. Higher vis- 
cosity is desirable because viscosity reduction when the slack wax is hydroprocessed is minimized in the runs 

20 of Examples 4 and 5 compared to the Example 3 run. 
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Table 7 



Isomerization of Low Conversion Hvdrocracked Sla ck Wax Over Pt/Oxalic Acid- 

Treated Mordenite 



Run Number 
Reactor Temp, °C 

(°F) 
LHSV, hr 1 
Wax Conversion 
KV@100°C 
V.I. 

Pour Point, °C 
(°F) 

Lube Yield, wt% 

I somerization of Low Conversion H V drocracked Slac k Wax Over Pt/Oxalic Acid- 
" " ' Treated Zeolite Beta 



Run Number 
Reactor Temp, °C 

(°F) 
LHSV, hH 
Wax Conversion 
KV@100°C 
V.L 

Pour Point, °C 
(°F) 

Lube Yield, wt% 



3 


4 


5 


6 


332 


335 


321 


307 


(630) 


(635) 


(610) 


(585) 


1.25 


1.25 


1.25 


1.25 


96 


99 


84 


20 


5.02 


4.91 


5.17 


6.11 


138 


132 


144 


144 


-18 


-18 


-18 


-18 


(0) 


(0) 


(0) 


(0) 


56 


48 


60 


46 



Claims 



1 A process for producing a high Viscosity Index lubricant having a Viscosity Index of at least 130 from a 
MS^feedofmiLralonoriginhavingawaxcontentofatleastSOw 

(Socracking the feed at a hydrogen partial pressure of at least 5620 kPa over a brfuncuona. lube 
hydrocracking catalyst comprising a metal hydrogenation component on an acidic, amorphous, porous 
supP^Tmaterial to hydrocrack aromatic components prosent In the feed at a seventy wh.ch rosulte .n 
^SmL of not more that 50 weight percent of the feed to products boiling outs,de the lube boilmg 

«i)Tomerizing waxy paraffins present in the effluent from the hydrocracking step in the presence of 
a low Tcidrty feonXtion catalyst having an Apha Value of not more than 25 and compnsing a nob e 
metol hydrogenation component on a porous zeolite support material to isomenze waxy paraffins to 
less waxy iso-paraff ins, characterized in that the zeolite support material compnses a dicarboxvhc acid 
treated zeolite selected from zeolite Beta and mordenite. 
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2. The process according to claim 1 in which the feed comprises a petroleum wax having the wax content 
of at least 50 weight percent and an aromatic content of from 5 to 30 weight percent 

3. A process according to claim 1 or 2 in which the isomerization catalyst comprises: a dicarboxyiic 
acid/steam-treated mordenite isomerization catalyst having an Alpha Value not greater than 15; an oxalic 
acid/steam-treated mordenite isomerization catalyst, preferably with from 0.5 to 2 weight percent platinum 
on a support comprising oxalic acid/steam-treated mordenite; a dicarboxyiic acid-treated zeolite Beta iso- 
merisation catalyst having an Alpha Value not greater than 1 0; or an oxalic acid-treated zeolite Beta iso- 
merization catalyst, preferably with from 0.5 to 2 weight percent platinum on a support comprising oxalic 
acid-treated zeolite Beta. 

4. A process according to any preceding claim in which the isomerization step is carried out in the presence 
of hydrogen at a pressure of at least 200 psig; and/or the isomerization step is carried out in the presence 
of hydrogen at a conversion to 343°C-product of not more than 30 weight percent, preferably 10 to 20 
weight percent based on the feed to the isomerization step. 

5. A process according to any preceding claim in which the isomerization step is carried out at a temperature 
not greater than 343°C. 

6. A process according to any one of claims 1 to 4 in which the isomerization step is carried out at a tem- 
perature from 302° to 357°C. 

7. A process according to any preceding claim in which the effluent from the hydrocracking step is cascaded 
directly to the hydroisomerization step; and/or the effluent from the hydrocracking step is treated to re- 
move heteroatoms prior to being cascaded to the hydroisomerization step. 

8. A process according to any preceding claim in which the Alpha Value of the hydroisomerization catalyst 
is not greater than 5. 

9. A process according to any preceding claim in which the isomerization catalyst comprises a Pt/oxalic acid- 
treated zeolite Beta catalyst having an Alpha Value not greater than 5 and a platinum content from 0.5 to 
1.5 weight percent based on the total weight of the catalyst 

10. A process according to any preceding claim in which the hydroisomerization product is subjected to a de- 
waxing to achieve a target pour point, with a loss during the dewaxing of not more than 20 weight percent; 
and/or the product has a V.I. of greater than 140. 
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